OBJECTIVE: Recent evidence suggests that obesity increases the risk of severe outcomes following respiratory infection. It is less clear whether obesity is associated with the risk of being infected with influenza or other respiratory pathogens. Therefore, we examined the association between obesity and outpatient visits for acute respiratory infections (ARIs). DESIGN: We conducted a retrospective cohort study for a period of over 13 years on 104 665 individuals in Ontario, Canada who responded to population health surveys and agreed to linkage with health administrative data. Individuals aged 18-64 years who responded to a survey within 5 years prior to the start of an influenza season were included. Poisson regression, with adjustment for relevant confounders, was used to measure the association between self-reported body mass index (BMI) and outpatient visits for ARI. We conducted numerous sensitivity analyses to assess the robustness of our findings. RESULTS: We observed higher rates of outpatient visits for ARI during influenza season periods compared with normal weight individuals for those who were overweight (BMI 25-29.9; rate ratio (RR) 1.10; 95% confidence interval (95% CI) 1.07-1.13), obese class I (BMI 30-34.9; RR 1.17; 95% CI 1.13-1.22) and obese class II or III (BMI X35; RR 1.19; 95% CI 1.12-1.25). Associations of a similar magnitude were observed during non-influenza season periods. Obesity was a greater risk factor for ARIs managed in emergency departments than physician offices. CONCLUSIONS: Obese individuals are at an increased risk of outpatient visits for ARI during both influenza and non-influenza season periods, suggesting that the effect of obesity on the risk of respiratory infections is not limited to influenza. Interventions designed to reduce the prevalence of obesity may have the added benefit reducing the population burden of respiratory infections.
INTRODUCTION
Obesity is a global health concern with the World Health Organization, estimating 500 million adults to be obese (body mass index (BMI) 430) in 2008. 1 In Canada, B23% of adults are obese 2 and the prevalence is increasing, particularly among the severe (BMI 35-39.9 ) and morbid (BMI X40) obesity categories. 3 Obesity has previously been identified as a risk factor for many chronic conditions, including diabetes, cardiovascular disease, hypertension, osteoarthritis, asthma and chronic obstructive pulmonary disease. [4] [5] [6] Less clear is the impact of obesity on the immune response to infection, although several ex vivo studies on obese human and animal cellular functionality have demonstrated immune function deficiencies, including decreased cytokine production, reduced macrophage and dendritic cell function, and natural killer cell impairment. 7 Recent evidence suggests that proper energy balance is essential for robust immune responses to respiratory pathogens. 8 Epidemiological data has begun to emerge that indicates obesity is a risk factor for infectious diseases. 9 Prior to the 2009 influenza A/H1N1 pandemic, obesity had not been considered a risk factor for influenza morbidity and mortality. 10, 11 However, several studies revealed that obesity was associated with hospitalization, intensive care unit admission and mortality, following infection with pandemic influenza A/H1N1. [12] [13] [14] [15] [16] [17] [18] [19] In addition, severely obese individuals (BMI X35) are at an increased risk for respiratory hospitalizations during seasonal influenza epidemics. 20 This increased risk is present for both individuals without previously identified risk factors for severe influenza complications (for example, chronic pulmonary disorders, cancer, diabetes mellitus and immunosuppressive conditions) and for individuals with one of these risk factors. Obesity is also associated with poorer outcomes for those hospitalized with lower respiratory tract infections. 21 Although there is evidence that obesity increases the risk of severe outcomes following respiratory infection, it remains less clear whether obesity is associated with the risk of being infected with influenza or other respiratory pathogens. The relationship between obesity and the risk of acquiring respiratory infection is difficult to assess, as many patients with respiratory infection do not seek medical care and BMI is not routinely recorded in patient's medical records or health administrative data sets. Therefore, we sought to examine the association between obesity and outpatient visits for acute respiratory infections (ARIs), a proxy for actual respiratory infection in the community, using population-based survey data to capture BMI as an exposure.
MATERIALS AND METHODS

Study population and design
We conducted a retrospective cohort study of Ontario respondents to the 1996/97 cycle of the National Population Health Survey or cycle 1.1 (2000/ 01), cycle 2.1 (2003), cycle 3.1 (2005) or cycle 4.1 (2007/08) of the Canadian Community Health Survey (CCHS). Statistics Canada conducts these nationally representative cross-sectional surveys using a combination of telephone and in-person interviews to capture health information on the household population aged X12 years (response rates ranged from 75 to 82%). [22] [23] [24] Institutionalized residents, full-time members of the Canadian military forces, on-reserve residents and certain remote regions were excluded from the sampling frame. In addition, for the purpose of our analysis, we excluded respondents with a height of o3 feet or X7 feet, and women who were pregnant or breastfeeding when surveyed, as Canadian guidelines do not recommend the calculation of BMI for these populations. 25 We further restricted our analysis to respondents who agreed to be linked to health administrative data sets and were linked successfully (84% of all respondents). We used encrypted health card numbers as unique identifiers to achieve linkage across the data sets.
We examined rates of outpatient visits for ARIs during 13 influenza seasons (1996-97 to 2008-09) and control periods when influenza was not circulating. In order to assemble our cohort, at the start of each influenza season (index date), we included all individuals who were alive, were between the ages of 18 and 64 years, and completed a survey in the past 5 years. As respondents were included in this manner, an individual could have appeared in the cohort five separate times. For the small proportion (B0.5%) of individuals who completed more than one survey, their earliest five appearances were kept for analysis. All subjects had free access to physician and hospital services during the study period, and to influenza vaccines starting in September 2000.
Ethics approval for this analysis was obtained from the Research Ethics Board of Sunnybrook Health Sciences Centre, Toronto, Canada.
Data sources and definitions
Influenza season and non-influenza season periods. Influenza viral surveillance data collected by sentinel laboratories (using mainly viral culture and direct antigen detection methods) in Ontario and submitted to the Public Health Agency of Canada were used to define influenza seasons. The start and end dates for each influenza season were defined as the first and last occurrences of two consecutive weeks, where 5% of respiratory specimens sent to the sentinel laboratories tested positive for influenza. Non-influenza season periods were defined as July 1 to September 30 following an influenza season, as there is extremely little influenza virus circulation during these months. Individuals dying before the start of noninfluenza season periods were excluded from these periods.
Body mass index. We used self-reported height and weight in the National Population Health Survey or CCHS to capture BMI in kg m À 2 and created the following BMI categories consistent with Health Canada's guidelines for body weight classification in adults: o18.5 (underweight); 18.5-24.9 (normal weight); 25.0-29.9 (overweight); 30.0-34.9 (obese class I); 35.0-39.9 (obese class II); X40 (obese class III). 25 We aggregated those in the obese class II and III categories, as there were relatively fewer people in these extreme weight categories. Previous research has shown that people tend to underestimate weight and overestimate height when self-reporting, causing them to underestimate their BMI compared with direct measurement. [26] [27] [28] However, in an analysis of 3895 respondents to a subsection of CCHS 3.1, where both measured and self-reported BMI were calculated, there was a high correlation between the two methods (r ¼ 0.93). 29 Main outcome measure. The primary outcome of interest was the number of outpatient visits (physician office or emergency department (ED) visits) with a diagnosis of ARI during influenza season and non-influenza season periods. The Ontario Health Insurance Plan (OHIP) physician billing claims database, which contains service and diagnostic information for outpatient visits made to B94% of physicians in the province, 30 was used to determine the number of ARI-coded visits made by each cohort member. Our definition of ARI included: acute nasopharyngitis, acute sinusitis, acute tonsillitis, acute laryngitis, acute bronchitis, pneumonia, influenza, and other viral diseases (OHIP diagnostic codes 460, 461, 463, 464, 466, 486, 487 and 079). A validation study of physician billing claims from a comparable setting found that a similar group of diagnostic codes had excellent specificity (99%) and positive predictive value (93%), but only modest sensitivity (49%) for ARI when using medical chart review as the reference standard. 31 In order to avoid capturing multiple outcomes for the same episode of infection, we only included outpatient visits if they were separated by at least 7 days from a previous visit.
Covariates. As an individual could appear in the cohort up to five times, we updated the information regarding covariates obtained from the administrative data (for example, comorbidities) at each index date. Information on covariates measured using the survey data (for example, smoking status) was obtained only at survey completion.
We obtained age, sex, rural residence (living in a community with o10 000 residents) and neighborhood income quintile from the Ontario Registered Persons database, which contains demographic information on individuals with a valid Ontario health card. 32 Neighborhood income quintile was determined by linking respondent postal codes to census data. 33 The OHIP database was used to determine the number of outpatient visits in the year previous to the index date. The OHIP database was also used to determine influenza vaccination status by looking for service codes specific to immunization in the months prior to the start of the influenza season (index date). Individuals vaccinated after the start of an influenza season were considered unvaccinated; only 5% of vaccines are given after the onset of influenza seasons. 34 In addition, the Canadian Institute of Health Information's Discharge Abstract Database, which contains information on hospital stays to all acute-care facilities in Ontario, 35 was used to determine the number of inpatient hospitalizations in the 3 years previous to the index date. We defined comorbidities for patients if there was evidence of a diagnosis in outpatient or hospitalization records during the prior 3 years using an adaption of the ambulatory care group classification, which has been previously described. 36 We considered the following comorbidities: chronic cardiovascular disease (for example, previous myocardial infarction, congenital heart diseases and cardiomyopathies), chronic respiratory disease (for example, asthma, chronic obstructive pulmonary disease, cystic fibrosis), diabetes, cancer, anemia, renal disease, immunodeficiency (due to disease and/or therapy) and history of aspiration.
Responses to the health surveys were used to determine the number of individuals living in the respondent's household and whether the respondent was a current daily smoker.
Statistical analyses
Poisson regression models were used to estimate the association between BMI category and the number of ARI-coded outpatient visits during influenza season and non-influenza season periods. The offset term was the log of follow-up time (in days) for each of these periods. We also conducted separate analyses to evaluate the association between BMI, and both physician office and ED visits. In all analyses, the 'normal weight' BMI category was the referent, and both unadjusted models and models adjusting for all covariates were considered. Furthermore, generalized estimating equation models were employed to adjust for the correlated nature of the data as a result of repeated measures within individuals, as they may have been included in analyses up to five times.
As self-reported BMI has been shown to underestimate measured BMI, we conducted a sensitivity analysis in which we applied correction equations that were developed using measured values and validated on a subsample of our data 29 to adjust self-reported BMI values for this potential underestimation. In addition, we conducted subgroup analyses to examine the association in those with and without chronic conditions and restricted the cohort to their first appearance in the data set to determine if bias was introduced by including individuals multiple times.
Statistical analyses were conducted using SAS 9.1 (SAS Institute INC., Cary, NC) and STATA 9.2 (StataCorp LP, College Station, TX). All tests were two-tailed and we used Po0.05 as the level of statistical significance.
RESULTS
There were a total of 104 665 survey respondents who contributed 404 892 person-seasons of observation (124 710.6 total personyears) during influenza season periods and 404 368 personseasons of observation (100 782.1 total person-years) during non-influenza season periods. A total of 50 346 physician office visits and 5 341 ED visits coded as ARI occurred during influenza season periods, whereas 20 726 physician office visits and 2 340 ED visits were observed during non-influenza season periods.
Among cohort members, B45.5% reported a normal body weight (BMI 18.5-29.9), 2.4% reported being underweight (BMI o18.5), 32.9% reported being overweight (BMI 25.0-29.9), 12.2% reported being obese (BMI 30.0-34.9) and 4.9% reported being severely obese (BMI X35) (Table 1) . After applying correction equations to adjust self-reported BMI values for potential underestimation, 1.3% were estimated to be underweight, 38.1% were estimated to be normal body weight, 35 .6% were estimated to be overweight, 16 .0% were estimated to be obese and 7.0% were estimated to be severely obese. There was a gradient of increasing prevalence of chronic conditions with increasing BMI category (44% had at least one chronic condition in the highest BMI category compared with 23% for those in the normal BMI category). In addition, those in the highest BMI category had lower socioeconomic status, were more likely to live in rural areas, and had more physician visits in the previous year and hospitalizations in the past 3 years. However, those in the highest BMI category also had the lowest rate of current daily smoking and the highest level of influenza vaccine coverage.
After adjusting for covariates, we observed moderate but statistically significant higher rates of outpatient visits for ARI during influenza season periods compared with normal weight individuals for those who were overweight (rate ratio (RR) 1.10; 95% confidence interval (95% CI) 1.07-1.13), obese class I (RR 1.17; 95% CI 1.13-1.22), and obese class II or III (RR 1.19; 95% CI 1.12-1.25) ( Table 2 ). Similar increases in outcome rates during non-influenza season periods were observed among obese class I (RR 1.11; 95% CI 1.05-1.17), and obese class II or III (RR 1.13; 95% CI 1.04-1.23) individuals, but not among overweight individuals, compared with normal weight individuals. When analyzing physician office and ED visits separately, the RRs comparing the obese groups to the normal weight group were higher for ED visits than for physician office visits. Using validated correction equations to adjust self-reported BMI values for potential underestimation yielded similar associations to the primary analysis ( Table 3 ). The associations between BMI category and ARI-coded outpatient visit rates were higher among individuals without chronic conditions compared with those who had at least one chronic condition (P ¼ 0.0013). The results of the primary analysis were consistent when the cohort was restricted to an individual's first appearance in the data set.
DISCUSSION
Increasing BMI was associated with ARI-coded outpatient visits during influenza seasons, with severely obese individuals having rates nearly 20% higher than normal weight individuals. However, comparable (but slightly attenuated) increases were found during non-influenza season periods, suggesting that the effect of obesity is not specific to influenza infection and that increased BMI may enhance susceptibility to other viral and bacterial respiratory pathogens that cause ARI. After applying validated correction equations to adjust self-reported BMI values for potential underestimation, which yielded obesity prevalence estimates that were closer to the Canadian average, 2, 27 the associations between BMI category and ARI-coded outpatient visits remained consistent.
Previous studies have demonstrated that obesity is a risk factor for severe outcomes following infection with influenza and other respiratory pathogens. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] However, evidence of obesity increasing susceptibility to respiratory infection is scarcer. Baik et al. 37 found that obesity (BMI X30) was associated with an increased risk of community-acquired pneumonia in women but not among men, although their referent BMI category was different from what was used in our study. In two other studies, obese individuals were not at increased risk for community-acquired pneumonia compared with normal weight individuals. 38, 39 A null finding between obesity and infection was also reported in a recent test-negative study, analyzing laboratoryconfirmed influenza infections. 40 As our study evaluated the effect of obesity on outpatient visit rates for all ARIs, it may not be directly comparable to previous studies that examined only community-acquired pneumonia or influenza infection as the outcome.
Although we detected an association between obesity and ARIcoded outpatient visits, the obesity effect was not as pronounced as what we observed in a similar cohort of individuals using hospitalization for respiratory conditions as the outcome. In our previous study, obese class I (odds ratio (OR) 1.45; 95% CI 1.03-2.05), and obese class II or III individuals (OR 2.12; 95% CI 1.45-3.10) were at an increased risk of respiratory hospitalizations during periods of seasonal influenza activity. 20 Those associations are much larger than the increases in ARI-coded outpatient visits among obese individuals observed in this study. However, the stronger association between obesity and ARI-coded ED visits compared with physician office visits suggests that obesity is a stronger risk factor for respiratory infections of greater severity.
Increased rates of ARI-coded outpatient visits were found among the obese and severely obese weight groups despite higher influenza vaccination coverage within these BMI categories, suggesting that the vaccine did not adequately protect obese individuals. This finding is consistent with a recent study by Sheridan et al. 10 that found impaired immune responses to the influenza vaccine among obese participants. However, it should be noted that ARI can be caused by many other pathogens besides influenza, and our study did not capture influenza vaccinations administered outside of a physician office setting. Therefore, while our results support the theory that the influenza vaccine inadequately protects obese individuals from infection, future studies with more appropriate methods and data sources are required to confirm this hypothesis. Underweight individuals were found to have higher rates of ARI-coded outpatient visits compared with normal weight individuals during non-influenza season periods but not during influenza season periods. It was expected that underweight individuals would be at greater risk to respiratory infection, as poor energy balance due to caloric restriction has been shown to diminish immune responses to respiratory pathogens. 8 It is unknown why this effect was not observed during influenza season periods, although having only self-reported BMI rather than measured BMI available in the data might be a reason.
Linking survey responses to health administrative data gave us the ability to assess this association in a large, population-based sample of individuals, enabling the detection of small but clinically relevant differences between BMI categories. However, there were several limitations to this study that merit emphasis. We did not have access to laboratory test results for respiratory pathogens to confirm ARI diagnoses. We used a slightly modified definition of ARI-coded outpatient visits that was found to have excellent specificity (99%) and positive predictive value (93%) with modest sensitivity (49%) in a similar setting; 31 however, that study used medical chart review instead of laboratory confirmation as the reference standard, which is not ideal to determine the accuracy of outpatient diagnostic codes for detecting actual infections. Another validation study of these outpatient codes that used laboratory confirmation as the reference standard only considered viral pathogens and reported positive predictive value without providing sensitivity and sensitivity estimates. 41 Furthermore, without laboratory confirmation, we were unable to assign ARIcoded visits to particular respiratory pathogens to determine if the effect of obesity varied by pathogen. In addition, our study used self-reported BMI, which tends to underestimate BMI compared with direct measurement, [26] [27] [28] although a high correlation (r ¼ 0.93) between these measures has been observed when analyzing a subsample of CCHS data in which self-reported BMI was compared with measured BMI, 29 and a sensitivity analysis using corrected values of self-reported BMI yielded similar results to the primary analysis. Another concern was using BMI measurements from survey responses that may have been 5 years in the past, although similar results to the primary analysis were observed when only the individual's first appearance was used. In the context of this study, the limitations in the measurement of either ARI outpatient visits or BMI category would Abbreviations: BMI, body mass index; CI, confidence interval; RR, rate ratio. a All models adjusted for age, sex, calendar year, influenza vaccination status, rural residence, income quintile, number of individuals living in the household, smoking status, previous hospitalizations in past 3 years, previous outpatient visits in past year, and diagnosis of chronic cardiovascular disease, chronic respiratory disease, diabetes, cancer, anemia, renal disease, immunodeficiency and aspiration history (with the exception of the analyses stratified by the presence of chronic conditions, which excluded chronic conditions from the model).
have biased our effect estimates toward the null and yielded conservative estimates of the effect of obesity on outpatient visits for ARI. Finally, although we considered a number of important potential confounders, as with all observational studies, we cannot rule out the possibility of residual confounding.
As we used outpatient visits as a proxy for laboratory-confirmed ARI, our results could have been biased if the propensity to seek medical care was differential between BMI categories. In order to minimize this potential bias, we included measures of previous outpatient and hospital care use, which are extremely strong predictors of future utilization, into our statistical models to directly control for any health care utilization bias. This is one of the first studies to evaluate the association between obesity and ARI, and we found that overweight, obesity and severe obesity are associated with an increased risk for respiratory infection. However, the strength of this conclusion depends on the adequacy of ARI-coded outpatient visits as a proxy for respiratory infection in the community. The ability for outpatient visits for ARI to serve as a proxy could not be investigated using our data and has not been firmly established in other studies from the literature. Prospective studies using laboratory methods to confirm the presence and type of respiratory infection between BMI groups are needed to confirm the results from our study and to indicate if observed differences are specific to certain pathogens. Obesity is emphasized as a public health concern in relation to its contribution to the burden of chronic diseases; however, this study suggests that the impact on infectious diseases may also be important. Interventions designed to reduce the prevalence of obesity and subsequent chronic diseases may have the added benefit reducing the burden of respiratory infections in the population.
